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(57) It is an object of the present invention to 

provide a control system making it possible to maintain 
communication quality, decrease transmission delay, and 
simultaneously connect with numerous mobile stations 
(40). The present invention is a control system for 
controlling the information rate through a downlink 
shared channel (DSCH) addressed to the mobile stations 
(40), which is provided with a transmission power 
control information receiving unit (23) for receiving 
the transmission power control information for a 
downlink dedicated channel (A-DPCH) transmitted 
through an . uplink dedicated channel '(DPCH), 
transmission power control information accumulating 
unit (23) for accumulating the transmission power 
control information for the downlink dedicated channel, 
and information rate controlling unit (22) for 
controlling the information rate through a downlink 



shared channel addressed to the mobile stations (40) 
according to the accumulated value of the transmission 
power control information for the downlink dedicated 
channel. 
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CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This applications is based upon and claims the benefit of priority from the prior Japanese Patent 
Applications No P2001 -338442 filed on 2 November 2001 and No, P2002-305061 filed on 18 October 2002, the entire 
contents of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates to a control system and control method for controlling an information rate 
(of data signal) in a mobile communication system and a radio network controller preferably used for the system and 
method. 

[0003] Particularly, the present invention relates to a control system and control method for controlling an 
information rate through a downlink addressed to a mobile station in a mobile packet communication system and a 
radio network controller. 

2. Description of the Related Art 

[0004] A conventional mobile packet communication system addresses time-division multiplexed data signals to a 
20 plurality of users (mobile stations) on a single radio channel (hereafter referred to as a channel) and transmits 
the data signals to the users from a viewpoint of the efficiency of frequency utilization, delay tolerance in packet 
communication, and the saving of code resources in downlink. 

[0005] Fig. 1 shows a channel configuration for a conventional packet communication system specified in 3GPP 
(Third Generation Partnership Project). 

[0006] The channel configuration shown in Fig. 1 uses a downlink shared channel (DSCH) for time-division- 
25 multiplexing and transmitting data signals addressed to mobile stations 40, and 40 2 through a downlink. 

[0007] The channel configuration shown in Fig. 1 uses an associated dedicated physical channel (A-DPCH) for 
transmitting control signals addressed to the mobile stations 40, and 40 2 through a downlink. 

[0008] Moreover, the channel configuration shown in Fig. 1 uses a dedicated physical channel (DPCH) for 
transmitting both data signals and control signals addressed to the mobile stations 40, and 40 2 in uplink because the 
30 possibility of exhaustion of code resources is very low in uplink and the necessity for using a shared channel such 
as the DSCH is low. 

[0009] In this case, A-DPCH-1 and A-DPCH-2 are dedicated channels for a base station 30 to transmit a control 
signal to the mobile stations 40, and 40 2 respectively, which are always transmitted through code division 
multiplexing using codes different for each of the mobile stations 40, and 40 2 . 
35 [0010] Moreover, the DSCH is a shared channel for the base station 30 to transmit data signals to the mobile 
stations 40, and 40 2 and is always transmitted through code-division multiplexing for changing the transmission 
timing for each of the mobile stations 40, and 40 2 using the same code. 

[0011] In this case, to transmit data signals from the network (base station 30) to the mobile station 40, or 40 2 by 
using the DSCH, the message "DSCH is transmitted" is previously notified to the mobile station 40, or 40 2 through the 
radio frame of the A-DPCH before the radio frame of the DSCH. 

[0012] Then, the mobile station 40, or 40 2 receiving the above notice starts receiving the DSCH only when it is 
determined that the DSCH is coming. 

[0013] By using the above system, the base station 30 can freely change the mobile stations 40, and 40 2 for 
transmitting data signals by using the DSCH. 

[0014] In Fig. 1, the A-DPCH-1 and A-DPCH-2 and the DSCH are set as downlinks. However, the DSCH is not 
45 always set but is set only when the above notice is received through the A-DPCH-1 or A-DPCH-2. 

[0015] Because a DSCH is discretely transmitted on a time base, it is impossible to apply closed-loop 
transmission power control to the DSCH. Therefore, closed-loop transmission power control is applied to a temporally- 
continuous downlink A-DPCH or uplink DPCH, the transmission power of the DSCH is controlled so as to interlock with 
the transmission power of the A-DPCH with a predetermined offset which is previously decided by a telecommunication 
50 operator. 

[0016] For example, when the transmission power of the A-DPCH-1 addressed to the mobile station 40, is 20dBm 
at the time t and the DSCH is transmitted to the mobile station 40, at the time t, the transmission power of the DSCH 
addressed to the mobile station 40, at the time t becomes 30dBm, if the above offset is equal to 10dBm. 
[0017] Moreover, for example, when the transmission power of the A-DPCH-2 addressed to the mobile station 
40 2 is 22dBm at the time t+1, the transmission power of the DSCH addressed to the mobile station 40 2 at the time 
t+1 similarly becomes 32dBm. 

[0018] Furthermore, in the case of a conventional mobile packet system specified in 3GPP, the information rate 



40 



55 



EP1 309 106 A1 

of the DSCH can be changed at every transmission time interval (TTI) at each of mobile stations 40., and 40 2 . 

[0019] However, it is unknown what can be used as a trigger to change an information rate of the DSCH at present, 

and an information rate set at the start of communication is not changed after the start of the communication. 

[0020] However, there is a problem in that the operation of the above DSCH at a fixed information rate cannot 

follow a change of radio propagation conditions and thereby, the communication quality of the DSCH may be 

deteriorated. 

[0021] That is, when the communication quality of the DSCH deteriorates, it is observed as a phenomenon such as 
an increased number of transmission errors (e.g. block errors) or increased transmission delay when viewed from 
mobile stations 40, and 40 2 . To provide services, it is preferable to minimize the deterioration of communication quality. 
[0022] On the other hand, if the communication quality of the DSCH is too high, an increased number of 
transmission errors (such as block errors) or increased transmission delay is not observed when viewed from the 
mobile station 40 , and thereby, a preferable communication environment is obtained. 

[0023] However, because it is impossible to ignore the interference to the other mobile station 40 2 of its own cell 
or the mobile station 40 of the other cell, the above excess of quality is not preferable. 

[0024] In general, it is a problem for a mobile packet communication system to maintain communication quality, 
decrease communication delay (increase an information rate), and simultaneously connect with numerous mobile 
stations 40 (accommodate more users). In this case, it is known that an information rate is proportional to a 
transmission power. 

[0025] That is, it is known that when a high information rate is required, a large transmission power is needed 
and when communication is performed at a low information rate, only a small transmission power is necessary. 

BRIEF SUMMARY OF THE INVENTION 

[0026] Therefore, the present invention is made in view of the above, its object is to provide a control system 
and control method making it possible to maintain communication quality by estimating a radio propagation condition 
according to a downlink transmission power control command (TPC command) and dynamically controlling a DSCH 
information rate according to the estimated radio propagation condition, control transmission delay, and 
simultaneously connect with numerous mobile stations 40 (accommodate numerous users) in a mobile packet 
communication system for time-division-multiplexing and transmitting data signals addressed to a plurality of 
mobile stations 40 through a single channel (DSCH). 

[0027] The first aspect of the present invention is a control system for controlling an information rate through 
a downlink shared channel addressed to a plurality of mobile stations in a mobile packet communication system for 
multiplexing and transmitting the data signals addressed to the mobile stations through the downlink shared channel, 
transmitting control signals addressed to the mobile stations through a downlink dedicated channel, and receiving 
the data signals and the control signals from the mobile stations through an uplink dedicated channel, comprising; a 
transmission power control information receiving unit for receiving the transmission power control information for 
the downlink dedicated channel included in the control signals transmitted through the uplink dedicated channel; a 
transmission power control information accumulating unit for accumulating the received transmission power control 
information for the downlink dedicated channel; and an information rate controlling unit for controlling the 
information rate through the downlink shared channel addressed to the mobile stations corresponding to the downlink 
dedicated channel, according to the accumulated value of the transmission power control information for the downlink 
dedicated channel. 

[0028] In the case of the first aspect of the present invention, it is preferable that the transmission power 
control information accumulating unit obtains the accumulated value in a predetermined period; and the information 
rate controlling unit controls the information rate according to the accumulated value in the predetermined 
observation period. 

[0029] In the case of the first aspect of the present invention, it is preferable that the transmission power 
control information accumulating unit accumulates first values which are positive values when the transmission power 
control information for the downlink dedicated channel designates increasing the transmission power of the downlink 
dedicated channel; and the transmission power control information accumulating unit accumulates second values which 
are negative values when the transmission power control information for the downlink dedicated channel designates 
decreasing the transmission power of the downlink dedicated channel. 

[0030] In the case of the first aspect of the present invention, it is preferable that an equivalence table for 
relating the accumulated value with the information rate is included and the information rate controlling unit 
retrieves the equivalence table according to the accumulated value of the transmission power control information for 
the downlink dedicated channel and sets the information rate corresponding to the accumulated value. 
[0031] In the case of the first aspect of the present invention, it is preferable that the information rate 
controlling unit decreases an information rate when the accumulated value of the transmission power control 
information for the downlink dedicated channel is a positive value and the information rate controlling unit 
increases the information rate when the accumulated value of the transmission power control information for the 
downlink dedicated channel is a negative value. 

[0032] The second aspect of the present invention is a control method for controlling the information rate 
through a downlink shared channel addressed to a plurality of mobile stations in a mobile packet communication 
system for multiplexing and transmitting the data signals addressed to the mobile stations through the downlink 
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shared channel, transmitting control signals addressed to the mobile stations through a downlink dedicated channel, 
and receiving the data signals and the control signals from the mobile stations through an uplink dedicated channel, 
comprising the steps; (a) receiving the transmission power control information for the downlink dedicated channel 
included in the control signals transmitted through the uplink dedicated channel, (b) accumulating the received 
transmission power control information for the downlink dedicated channel, and (c) controlling the information rate 
through the downlink shared channel addressed to the mobile stations corresponding to the downlink dedicated 
5 channel. 

[0033] In the case of the second aspect of the present invention, it is preferable that the accumulated value in 
a predetermined observation period is obtained in the step (b); and the information rate is controlled according to 
the accumulated value in the predetermined observation period in the step (c). 

[0034] In the case of the second aspect of the present invention, it is preferable to accumulate first values 
10 which are positive values when the transmission power control information for the downlink dedicated channel 
designates increasing the transmission power of the downlink dedicated channel, and to accumulate second values 
which are negative values when the transmission power control information for the downlink dedicated channel 
designates lowering the transmission power of the downlink dedicated channel in the step (b). 

[0035] In the case of the second aspect of the present invention, it is preferable to retrieve an equivalence 
table for relating the accumulated value of the transmission power control information for the downlink dedicated 
is channel and the information rate according to the accumulated value, and to set the information rate corresponding 
to the accumulated value of the transmission power control information for the downlink dedicated channel in the 
step (c). 

[0036] In the case of the second aspect of the present invention, it is preferable that, the information rate is 
decreased when the accumulated value of the transmission power control information for the downlink dedicated 
channel is a positive value in the step (c); and the information rate is increased when the accumulated value of the 
transmission power control information for the downlink dedicated channel is a negative value in the step (c). 
[0037] The third aspect of the present invention is a radio network controller used for a mobile packet 
communication system for multiplexing and transmitting data signals addressed to a plurality of mobile stations 
through a downlink shared channel, transmitting control signals addressed to the mobile stations through a downlink 
dedicated channel, and receiving the data signals and the control signals from the mobile stations through an uplink 

25 dedicated channel, comprising; a transmission power control information receiving unit for receiving the 
transmission power control information for the downlink dedicated channel included in the control signals 
transmitted through the uplink dedicated channel; a transmission power control information accumulating unit for 
accumulating the received transmission power control information for the downlink dedicated channel; and an 
information rate controlling unit for controlling the information rate through the downlink shared channel addressed 
to the mobile stations corresponding to the downlink dedicated channel. 

30 [0038] In the case of the third aspect of the present invention, it is preferable that the transmission power 
control information accumulating unit obtains the accumulated value in a predetermined observation period, and the 
information rate controlling unit controls the information rate according to the accumulated value in the 
predetermined observation period. 

[0039] In the case of the third aspect of the present invention, it is preferable that the transmission power 
control information accumulating unit accumulates first values which are positive values when the transmission power 
control information for the downlink dedicated channel designates increasing the transmission power of the downlink 
dedicated channel; and the transmission power control information accumulating unit accumulates second values which 
are negative values when the transmission power control information for the downlink dedicated channel designates 
decreasing the transmission power of the downlink dedicated channel. 

[0040] In the case of the third aspect of the present invention, it is preferable an equivalence table for 
40 relating the accumulated value with the information rate is included; and the information rate controlling unit 
retrieves the equivalence table according to the accumulated value of the transmission power control information for 
the downlink dedicated channel and sets an information rate corresponding to the accumulated value. 
[0041] In the case of the third aspect of the present invention, it is preferable that the information rate 
controlling unit decreases the information rate when the accumulated value of the transmission power control 
information for the downlink dedicated channel is a positive value, and increases the information rate when the 
45 accumulated value of the transmission power control information for the downlink dedicated channel is a negative value. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[0042] Fig. 1 is a schematic block diagram of a mobile packet communication system of the prior art; 
50 [0043] Fig. 2 is an illustration showing a configuration of the mobile packet communication system of the 
present embodiment; 

[0044] Fig. 3 is a functional block diagram of a radio network controller, base station, and mobile station 
constituting a control system of an embodiment of the present invention; 

[0045] Fig 4 is an illustration showing an equivalence table of an information rate controlling unit set to a 
radio network controller of a control system of an embodiment of the present invention; 
55 [0046] Fig. 5 is a time chart showing operations for dynamically controlling a DSCH information rate in a 
control system of an embodiment of the present invention; 

[0047] Fig. 6 is a time chart showing operations for dynamically controlling a DSCH information rate in a 
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control system of the present embodiment; and 

[0048] Fig. 7 is a time chart showing operations for dynamically controlling a DSCH information rate in a 
control system of the present embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

5 

(Configuration of the control system of embodiment of the present invention) 

[0049] The configuration of a control system of an embodiment of the present invention is described below with 
reference to the accompanying drawings. The control system of the embodiment of the present invention controls an 
information rate through a downlink shared channel (DSCH) addressed to a plurality of mobile stations 40, to 40n in a 

10 mobile packet communication system for time-division multiplexing and transmitting the data signals addressed to the 
mobile stations 40-, to 40 n through a downlink shared channel (DSCH), transmitting control signals addressed to the 
mobile stations 40, to 40n through a downlink dedicated channel (A-DPCH), and receiving the data signals and the 
control signals from the mobile stations 40 3 to 40n through an uplink dedicated channel (DPCH). 
[0050] Fig. 2 is an illustration showing a configuration of the mobile packet communication system of this 

15 embodiment. The configuration of the mobile packet communication system of this embodiment is the same as the 
configuration of a general mobile communication network. 

[0051] As shown in Fig. 2, the mobile packet communication system of this embodiment is configured with an 
exchange 10, radio network controllers 20, to 20 a , base stations 30, to 30 b , and mobile stations 40, to 40 c in the 
layered architecture. 

[0052] The radio network controllers 20, to 20a all have the same function, the base stations 30, to 30 b all have 
20 the same function, and the mobile stations 40, to 40 c ail have the same function. Therefore, a representative (radio 

network controller 40, base station 30, and mobile station 40) of each of them is described below. 

[0053] The exchange 10 is connected to the radio network controller 20 to exchange data signals. 

[0054] The radio network controller 20 is connected to the exchange 10 and the base station 30 to control a 

plurality of base stations. For example, the radio network controller 20 designates a predetermined offset value 
25 between the transmission power of a DSCH and the transmission power of a A-DPCH and designates the information 

rate of the DSCH. 

[0055] Each base station 30 performs radio communication (mobile packet communication) through a radio 
channel between the base station 30 and mobile station 40. 

[0056] Fig. 3 shows functional blocks of the radio network controller 20 , base station 30 and mobile stations 
30 40 constituting the control system of this embodiment. 

[0057] As shown in Fig. 3, a radio network controller 20 is configured with a user data buffer 21, information 
rate controlling unit 22, and TPC command counter 23. 

[0058] In the case of this embodiment, the TPC command counter 23 constitutes a transmission power control 
information receiving unit for receiving the transmission power control information (TPC command) on a downlink 
dedicated channel (A-DPCH) included in control signals transmitted through an uplink dedicated channel (DPCH) and a 
35 transmission power control information accumulating unit for accumulating the received transmission power control 
information (TPC command) on the downlink dedicated channel (A-DPCH). 

[0059] Moreover, the information rate controlling unit 22 constitutes an information rate controlling unit for 
controlling an information rate through a downlink shared channel (DSCH) addressed to mobile stations 40 
corresponding to a downlink dedicated channel (A-DPCH) according to the accumulated value C of the transmission 
power control information (TPC commands) on the downlink dedicated channel (A-DPCH). 
40 [0060] The user data buffer 21, which is connected to a DSCH transmitting unit 32 of a base station 30, 
temporarily stores data signals addressed to users, (mobile stations 40, to 40 n ) incoming from an exchange 10 and 
transfers the data signals to the DSCH transmitting unit 32. The user data buffer 21 is constituted by user data 
buffers #1 to #n for each user (each mobile station 40, to 40 n ). 

[0061] The information rate controlling unit 22 is connected to the TPC command counter 23 and the DSCH 
45 transmitting unit 32 of the base station 30, controls an information rate through a DSCH {an information rate 
through DSCH (DSCH information rate)} addressed to users (mobile stations 40, to 40n) according to the accumulated 
value C of TPC commands for each user (each of mobile stations 40, to 40n) notified from the TPC command counter 
23. 

[0062] Specifically, the information rate controlling unit 22 has an equivalence table for relating the 
5Q "accumulated value C of TPC commands" with a "DSCH information rate" (refer to Fig. 4), retrieves a "DSCH 
information rate" corresponding to the "accumulated value C of TPC commands" according to the equivalence table 
shown in Fig. 4 corresponding to the accumulated value C of the TPC command for each user (each of mobile stations 
40, to 40 n ) notified from the TPC command counter 23, and transmits the retrieved "transmission rate of DSCH" to the 
DSCH transmitting unit 32 of the base station 30 as information rate control information. 

[0063] The equivalence table shown in Fig. 4 is set so as to set a "DSCH information rate" to R 0 Kbps when the 
55 "accumulated value C of TPC commands" is more than +C 4 , set the "DSCH information rate" to Rj Kbps when the 
"accumulated value C of TPC commands" is kept at +C 3 or more and less than +C 4 , set the "DSCH information rate" 
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to R 2 Kbps when the "accumulated value C of TPC commands" is kept at +C 2 more and less than +C 3 , set the "DSCH 
information rate" to R 3 Kbps when the "accumulated value C of TPC commands" is kept at +C 1 or more and less than 
+C 2 , set the "DSCH information rate" to R 4 Kbps when the "accumulated value C of TPC commands" is kept at +C 0 or 
more and less than +C,, set the "DSCH information rate" to R4 Kbps when the "accumulated value C of TPC 
commands" is kept at -C, or more and less than +C 0 , and set the DSCH information rate" to R 4 Kbps when the 
5 "accumulated value C of TPC commands" is less than -C,. 

[0064] In this case, a relation like R 0 < R,< R 2 < R 3 < R 4 is effectuated for the above DSCH information rate. 
Moreover, it is preferable to set the DSCH information rate to a smaller value as the accumulated value C increases 
and to a larger value as the accumulated value C decreases. 

[0065] The information rate controlling unit 22 of this embodiment controls a DSCH information rate for each 

70 user (each of mobile stations 40, to 40„). 

[0066] The TPC command counter 23 is connected to the information rate controlling unit 22 and the DPCH 
receiving unit 34 of the base station 30, receives the downlink (A-DPCH) transmission power control information (TPC 
(Transmitter Power Control) command) transmitted from the DPCH receiving unit 34 of the base station 30 and 
transmits the accumulated value C of received TPC commands to the information rate controlling unit 22. 
[0067] Specifically, when the received downlink TPC command designates raising the transmission power of the A- 

15 DPCH, the TPC command counter 23 adds to the accumulated value C and when the received downlink (A-DPCH) 
TPC command designates lowering the transmission power of the A-DPCH, the counter 23 adds to the 
accumulated value C 

[0068] As shown in Fig 3, the base station 30 is configured with an antenna unit 3, a DSCH transmitting unit 32, 
an A-DPCH transmitting unit 33, and a DPCH receiving unit 34. 
20 [0069] The antenna unit 31 is connected to the DSCH-transmitting unit 32, A-DPCH-transmitting unit 33, and 
DPCH-receiving unit 34. 

[0070] Data signals supplied from the DSCH transmitting unit 32 and control signals supplied from the A-DPCH 
transmitting unit 33 are transmitted to the mobile station 40 through radio channels (DSCH and A-DPCH) via the 
antenna unit 31 . % 

[0071] The antenna unit 31 receives the data signals and the control signals transmitted from the mobile station 
25 40 through a radio channel (DPCH). 

[0072] The DSCH transmitting unit 32 is connected to the antenna unit 31, A-DPCH transmitting unit 33, user data 
buffer 21 of the radio network controller 20, and information rate controlling unit 22. The DSCH transmitting unit 
32 receives data signals from the user data buffer 21 and information rate control information from the information 
rate controlling unit 22, and transmits the received data signals to the antenna unit 31 at the "DSCH information 
rate" designated according to the information rate control information. In this case, the DSCH transmitting unit 32 
receives the information showing an A-DPCH transmission power and decides a DSCH transmission power while 
interlocking with the A-DPCH transmission power. 

[0073] The A-DPCH transmitting unit 33 is connected to the antenna unit 31, DSCH transmitting unit 32, and DPCH 
receiving unit 34. The A-DPCH transmitting unit 33 transmits the uplink (DPCH) TPC command transmitted from DPCH 
transmitting unit 34 to the antenna unit 31 as a control signal. Moreover, the A-DPCH transmitting unit 33 transmits 
35 the information showing the A-DPCH transmission power to the DSCH transmitting unit 31 . 

[0074] The DPCH receiving unit 34 is connected to the antenna unit 31, A-DPCH transmitting unit 33, and TPC 
command counter 23 of the radio network controller 20. The DPCH receiving .unit 34 receives a radio signal (DPCH) 
from the DPCH transmitting unit 44 of the mobile station 40. 

[0075] Moreover, the DPCH receiving unit 34 calculates the received SIR (Signal to Interference Power Ratio) of 
a received DPCH, compares the received SIR with a target SIR, and generates an uplink (DPCH) TPC command 

40 according to the comparison result. 

[0076] Specifically, when the received SIR is higher than the target SIR, the DPCH receiving unit 34 generates 
an uplink (DPCH) TPC command for designating lowering a DPCH transmission power and when the received SIR is 
lower than the target SIR, the DPCH receiving unit 34 generates an uplink (DPCH) TPC command for designating 
raising the DPCH transmission power. 

45 [0077] The DPCH receiving unit 34 transmits the generated uplink (DPCH) TPC command to the A-DPCH 
transmitting unit 33. 

[0078] Moreover, the DPCH receiving unit 34 extracts a downlink (A-DPCH) TPC command from a control signal 
transmitted from the DPCH transmitting unit 44 of the mobile station 40 and transmits the extracted downlink (A-DPCH) 
TPC command to the TPC command counter 23. 

[0079] As shown in Fig. 3, the mobile station 40 is configured with an antenna unit 41, DSCH receiving unil 42, 
50 A-DPCH receiving unit 43, and DPCH transmitting unit 44. 

[0080] The antenna unit 41 is connected to the DSCH receiving unit 42, A-DPCH receiving unit 43, and DPCH 
transmitting unit 44. 

[0081] Data signals and control signals supplied from the DPCH transmitting unit 44 are transmitted to the base 
station 30 through a radio channel (DPCH) via the antenna unit 41 . 
55 [0082] The antenna unit 41 receives data signals and control signals transmitted from the base station 30 
through radio channels (DSCH and A-DPCH). 

[0083] The DSCH receiving unit 42 is connected to the antenna unit 41, and receives data signals transmitted 
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from the DSCH transmitting unit 32 of the base station 30 through the antenna unit 41 . 

[0084] The A-DPCH-receiving unit 43 is connected to the antenna unit 41, and receives control signals 
transmitted from the A-DPCH transmitting unit 33 of the base station 30 through the antenna unit 41 . 
[0085] The A-DPCH receiving unit 43 calculates the received SIR of the received A-DPCH, compares the received 
SIR with a target SIR, and generates a downlink (A-DPCH) TPC command. 
5 [0086] Specifically, the A-DPCH receiving unit 43 generates a downlink (A-DPCH) TPC command for designating 
lowering an A-DPCH transmission power when the received SIR is higher than the target SIR and a downlink (A-DPCH) 
TPC command for designating raising the A-DPCH transmission power when the received SIR is lower than the target 
SIR. 

[0087] Moreover, the A-DPCH receiving unit 43 transmits the generated downlink (A-DPCH) TPC command to the 
DPCH transmitting unit 44. 

10 [0088] The DPCH transmitting unit 44 is connected to the antenna unit 41 and A-DPCH receiving unit 43. The 
DPCH transmitting unit 44 transmits data signals and control signals to the base station 30 through the antenna unit 
41. Moreover, the DPCH transmitting unit 44 transmits a downlink (A-DPCH) TPC command transmitted from the A- 
DPCH receiving unit 43 to the base station 30 as a control signal.. 

. (Operations of the control system of this embodiment) 

70 

[0089] Operations of the control system of this embodiment are described below with reference to the 
accompanying drawings. Fig. 5 is a flowchart showing operations for dynamically controlling a DSCH information rate 
in the control system of this embodiment. 

[0090] As shown in Fig 5, in step 401 , the DPCH receiving unit 34 of the base station 30 transmits a downlink (A- 
, 20 DPCH) TPC command received from the DPCH transmitting unit 44 of a specific mobile station 40. Then, the TPC 
command counter 23 of the radio network controller 20 receives the downlink (A-DPCH) TPC command. 
[0091] In step 402, when the received downlink (A-DPCH) TPC command designates raising an A-DPCH 
transmission power, the TPC command counter 23 adds "+1" to the accumulated value C (variable C) and when the 
received downlink (A-DPCH) TPC command designates lowering the A-DPCH transmission power, it adds "-1" to the 
accumulated value C (variable C). 
25 [0092] In step 403, the TPC command counter 23 transmits the accumulated value C (variable C) of TPC 
commands to the information rate controlling unit 22. 

[0093] In step 404, the information rate controlling unit 22 selects a "DSCH information rate" corresponding to 
the "accumulated vajue C of TPC commands" based on the equivalence table shown in Fig. 4 according to the 
accumulated value C of TPC communds notified from the TPC command counter 23. 
30 [0094] In step 405, the information rate controlling unit 22 transmits the selected "DSCH information rate" to 
the DSCH transmitting unit 32 of the base station 30 as information rate control information. 

[0095] In step 406, the DSCH transmitting unit 32 transmits a DSCH to the mobile station 40 through the antenna 
unit 31 at the "DSCH information rate" designated according to the information rate control information received 
from the information rate controlling unit 22. 

35 (Functions and advantages of the control system of this embodiment) 

[0096] According to the control system of this embodiment, the information rate controlling unit 22 controls the 
information rate through a DSCH addressed, to the mobile station 40 corresponding to an A-DPCH according to the 
accumulated value C of A-DPCH TPC command. 
\ 40 [0097] Therefore, it is possible to dynamically control an information rate through a DSCH according to a radio 
propagation condition estimated according to the accumulated value C of TPC commands of an A-DPCH. 
[0098] As a result, a mobile packet communication system makes it possible to maintain communication quality, 
decrease transmission delay, and connect with numerous mobile stations 40 (accommodate more users). 

(Modification 1 ) 

45 

[0099] The configuration of a control system of modification 1 is the same as that of the control system of the 
above embodiment (refer to Figs. 2 and 3). 

[0100] This information rate controlling unit 22 of this embodiment sets a DSCH information rate according to 
the accumulated value C of TPC commands notified from the TPC command counter 23 and transmits the set DSCH 
50 information rate to the DSCH-transmitting unit 32. 

[0101] Specifically, the information rate controlling unit 22 sets a DSCH information rate so as to decrease the 
DSCH information rate when the accumulated value C of TPC commands is equal to or more than a predetermined 
value Cu. 

[0102] Moreover, when the accumulated value C of TPC commands is equal to or less than a predetermined value 
C u , the information rate controlling unit 22 sets a DSCH information rate so as to increase the DSCH information rate. 
55 [0103] Furthermore, when the accumulated value C of TPC commands is less than C u and larger than C L , the 
information rate controlling unit 22 sets a DSCH information rate so as not to change the DSCH information rate. 
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[0104] The value C L is a negative value and the value C u is a positive value. Set values of C L and C u are changed 
according to the length of an observation timer T. For example, it is preferable that the value of C L is equal to -30 and 
that of C u Is equal to +30, 

[0105] When the accumulated value C is kept in a relation of C L <C<C U , it is determined that the accumulated 
value C is close to 0 and a state is observed in which a radio channel is not changed into a good state or bad 
5 state. That is, the vicinity of 0 is shown by values and Cu. 

[0106] Operations of the control system of this modification are described below with reference to the 
accompanying drawings. Fig. 6 is a time chart showing operations for dynamically controlling a DSCH information rate 
in the control system of this modification. 

[0107] As shown in Fig. 6, in step 501, the DSCH receiving unit 34 of the base station 30 transmits a downlink 
(A-DPCH) TPC command received from the DPCH transmitting unit 44 of a specific mobile station 40. Then, the TPC 

10 command counter 23 of the radio network controller 20 receives the downlink (A-DPCH) TPC command. 

[0108] In step 502, when the received downlink (A-DPCH) TPC command designates raising an A-DPCH 
transmission power, the TPC command counter 23 adds to the accumulated value C (variable C) and when the 
received downlink (A-DPCH) TPC command designates lowering the A-DPCH transmission power, the TPC command 
counter 23 adds "-1 " to the accumulated value C (variable C). 

75 [0109] In step 503, the TPC command counter 23 subtracts an observation timer value T showing a predetermined 
observation period by "1". 

[0110] In step 504, the TPC command counter 23 determines whether or not the observation timer value T is equal 
to "0". When the observation timer value T is not equal to "0", the operation returns to step 502 and when the 
observation timer value T is equal to "0", the operation advances to step 505. 

[0111] In step 505, the TPC command counter 23 transmits the accumulated value C (variable C) of TPC 

20 commands to the information rate controlling unit 22. 

[0112] In step 506, the TPC command counter 23 initializes the observation timer value T. In step 507, the TPC 
command counter 23 initializes the accumulated value C (variable C) with 0. Then, the operation returns to step 502. 
[0113] In this case, when the information rate controlling unit 22 starts transmitting a DSCH to the mobile 
station 40 concerned (that is, in step A), it is assumed that the DSCH information rate addressed to the mobile station 

25 40 concerned is initialized to a predetermined rate. 

[0114] In step 508, the information rate controlling unit 22 determines whether or not the accumulated value C 
of TPC commands notified from the TPC command counter 23 is close to "0" and the relation of C L <C<Cu is 
effectuated. 

[0115] When the accumulated value C of TPC commands is close to "0", the operation advances to step 509. 
30 When the accumulated value C of TPC commands is not close to "0", the operation advances to step 510. 

[0116] In step 509, the information rate controlling unit 22 transmits the set "DSCH information rate R" to the 
DSCH transmitting unit 32 of the base station 30 as information rate control information. Then, the operation 
advances to step 515. 

[0117] In step 510, the information rate controjling unit 22 determines whether or not the accumulated value C 
of TPC commands notified from the TPC command counter 23 is less than C,. 

35 [0118] When the accumulated value C of TPC commands is less than C L , the operation advances to step 511. 
When the accumulated value C of TPC commands is not less than C 1f the operation advances to step 513. 
[0119] in step 511, the information rate controlling unit 22 sets the DSCH information rate so as to raise the 
rate by one level (i.e. increase). Then, in step 512, the information rate controlling unit 22 transmits the set 
"DSCH information rate" to the DSCH transmitting unit 32 of the base station 30 as information rate control 

40 information. Then, the operation advances to step 51 5. 

[0120] In step 513, the information rate controlling unit 22 set the DSCH information rate so as to lower the 
rate by one level (i.e. decease). Then, in step 514, the information rate controlling unit 22 transmits the set 
"DSCH information rate" to the DSCH transmitting unit 32 of the base station 30 as information rate control 
information. Then, the operation advances to step 515. 

[0121] In step 515, the DSCH transmitting unit 32 transmits a DSCH to the mobile station 40 at the "DSCH 
45 information rate R" designated according to the information rate control information received from the information 
rate controlling unit 22 through the antenna unit 31 . 

(Modification 2) 

[0122] The configuration of a control system of modification 2 is the same as that of the control system of the 
above embodiment (refer to Figs. 2 and 3). 

[0123] Operations of the control system of this modification are described with reference to the accompanying 
drawings. Fig. 7 is a time chart showing operations for dynamically controlling a DSCH information rate in the 
control system of this modification. 

[0124] As shown in Fig. 7, in step 601, a DPCH receiving unit 34 of a base station 30 transmits a downlink (A- 
55 DPCH) TPC command received from a DSCH transmitting unit 44 of a specific mobile station 4U. Then, a TPC 
command counter 23 of a radio network controller 20 receives the downlink (A-DPCH) TPC command. 
[0125] In step 602, when the received downlink (A-DPCH) TPC command designates raising a DSCH transmission 
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power, the TPC command counter 23 adds to the accumulated value C (variable C) and when the received 
downlink (A-DPCH) TPC command designates lowering the A-DPCH transmission power, it adds to the 
accumulated value C (variable C). 

[0126] In step 603, the TPC command counter 23 subtracts an observation timer value T showing a predetermined 
observation period by "1 ". 

5 [01 27] In step 604, the TPC command counter 23 determines whether or not the observation timer value T is equal 
to "0". When the observation timer value T is not equal to "0", the operation returns to step 602 and when the 
observation timer value T is equal to "0", the operation advances to step 605. 

[0128] In step 605, the TPC command counter 23 transmits the accumulated value C (vatiable C) of TPC 
commands to the information rate controlling unit 22. 

[0129] In step 606, the TPC command counter 23 initializes the observation timer value T. In step 607, the TPC 
10 command counter 23 initializes the accumulated value C (variable C). Then, the operation returns to step 602. 

[0130] In this case, when the information rate controlling unit 22 starts transmitting the DSCH addressed to the 
mobile station .40 concerned, it is assumed that the DSCH information rate addressed to the mobile station 40 
concerned is initialized 

[0131] In step 608, the information rate controlling unit 22 selects a "DSCH information rate R" corresponding 
15 to the "accumulated value C of TPC commands" based on the equivalence table shown in Fig. 4 according to the 
accumulated value C of TPC commands notified from the TPC command counter 23. 

[0132] In step 609, the information rate controlling unit 22 transmits the selected "DSCH information rate R" to 
the DSCH transmitting unit 32 of the base station 30 as information rate control information. . 

[0133] In step 610, the DSCH transmitting unit 32 transmits a DSCH to the mobile station 40 through an antenna 
unit 31 at the "DSCH information rate" designated according to the information rate control information received 
20 from the information rate controlling unit 22. 

(Modification 3) 

[0134] For the above embodiment and modifications 1 und 2, a case is described in which the DSCH information 
rate specified in the standard specification of 3GPP is controlled However, the present invention is not restricted 
25 to the above case. 

[0135] For example, the present invention can be applied to the control of an information late of a general 
dedicated channel using no DSCH because a (closed-loop) transmission power control command (TPC command) is 
used. 

[0136] As described above, the present invention can provide a control system and control system making it 
30 possible to maintain communication quality, decrease transmission delay, and simultaneously connect with numerous 
mobile stations 40 (accommodate more users) by estimating a radio-circuit state by a downlink transmission power 
control command and dynamically controlling a DSCH information rate according to the estimated radio-circuit state 
in a mobile packet communication system for time-division multiplexing and transmitting data signals addressed to a 
plurality of mobile stations 40 through a single channel (DSCH) and making DSCH transmission power interlock with 
transmission power with a predetermined offset. 
35 [0137] Additional advantages and modifications will readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the specific details and the representative embodiment shown and 
described herein. Accordingly, various modifications may be made without departing from the spirit or scope of the 
general inventive concepts defined by the appended claims and their equivalents. 

j 40 Claims 

1. A control system for controlling the information rate through a downlink shared channel addressed to a 
plurality of mobile stations in a mobile packet communication system for multiplexing and transmitting data 
signals addressed to a plurality of mobile stations through the downlink shared channel, transmitting control 
signals addressed to each of the mobile stations through a downlink dedicated channel, and receiving the data 
signals and the control signals from the mobile stations through an uplink dedicated channel, comprising: 

45 

a transmission power control information receiving unit for receiving the transmission power control 
information for the downlink dedicated channel included in the control signals transmitted through the 
uplink dedicated channel; 

5Q a transmission power control information accumulating unit for accumulating the received transmission power 

control information for the downlink dedicated channel; and 

an information rate controlling unit for controlling the information rate through the downlink shared 
channel addressed to the mobile stations corresponding to the downlink dedicated channel according to the 
accumulated value of the transmission power control information for the downlink dedicated channel. 



2. 



The control system according to claim 1, wherein the transmission power control information accumulating unit 
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obtains the accumulated value in a predetermined observation period; and 

the information rate controlling unit controls the information rate according to the accumulated value in 
the predetermined observation period. 

3. The control system according to claim 1, wherein the transmission power control information accumulating unit 
accumulates first values which are positive values when the transmission power control information for the 
downlink dedicated channel designates increasing the transmission power of the downlink dedicated channel; and 

the transmission power control information accumulating unit accumulates second values which are negative 
values when the transmission power control information for the downlink dedicated channel designates decreasing 
the transmission power of the downlink dedicated channel. 

4. The control system according to claim 1 , comprising an equivalence table for relating the accumulated value with 
the information rate; and 

wherein the information rate controlling unit retrieves the equivalence table according to the accumulated 
value of the transmission power control information for the downlink dedicated channel, and sets the information 
rate of the data signals corresponding to the accumulated value. 

5. The control system according to claim 1, wherein the information rate controlling unit decreases the information 
rate when the accumulated value of the information rate control information for the downlink dedicated channel 
is a positive value, and 

the information rate controlling unit increases the information rate when the accumulated value of the 
information rate control information for the downlink dedicated channel is a negative value. 

6. A control method for controlling the information rate through a downlink shared channel addressed to a plurality 
of mobile stations in a mobile packet communication system for multiplexing and transmitting the data signals 
addressed to the mobile stations through the downlink shared channel, transmitting control signals addressed to 
the mobile stations through a downlink dedicated channel, and receiving the data signals and the control signals 
from the mobile stations through an uplink dedicated channel, composing the steps of: 

(a) receiving the transmission power control information for the downlink dedicated channel included in the 
control signals transmitted through the uplink dedicated channel, 

(b) accumulating the received transmission power control information for the downlink dedicated channel; and 

(c) controlling the information rate through the downlink shared channel addressed to the mobile stations 
corresponding to the downlink dedicated channel according to the accumulated value of the transmission 
power control information for the downlink dedicated channel. 



7. The control method according to claim 6, wherein, in the step (b), the accumulated value in a predetermined 
observation period is obtained; and 

in the step (c), the information late is controlled according to the accumulated value in the predetermined 
observation period. 

8. The control method according to claim 6, wherein, in the step (b), the first values which are positive values 
are accumulated when the transmission power control information for the downlink dedicated channel designates 
increasing the transmission power of the downlink dedicated channel; and 

in the step (b), second values which are negative values are accumulated when the transmission power control 
information for the downlink dedicated channel designates decreasing the transmission power of the downlink 
dedicated channel. 

9. The control method according to claim 6, wherein, in the step (c), an equivalence table for relating the 
accumulated value of the transmission power control information for the downlink dedicated channel with the 
information rate of the data signals is retrieved according to the accumulated value; and 

in the step (c), an information rate corresponding to the accumulated value of the transmission power 
control information for the downlink dedicated channel is set. 

10. The control method according to claim 6, wherein, in the step (c), the information rate is decreased when the 
accumulated value of the transmission power control information for the downlink dedicated channel is a positive 
value; and 

in the step (c), the information rate is increased when the accumulated value of the transmission power 
control information for the downlink dedicated channel is a negative value. 

11. A radio network controller used for a mobile packet communication system for multiplexing and transmitting data 
signals addressed to a plurality of mobile stations through a downlink shared channel, transmitting control 
signals addressed to the mobile stations through a downlink dedicated channel, and receiving the data signals 
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and the control signals from the mobile stations through an uplink dedicated channel, comprising: 



a transmission power control information receiving unit for receiving the transmission power control 
information for the downlink dedicated channel included in the control signals transmitted through the 
uplink dedicated channel; 

a transmission power control information accumulating unit for accumulating the received transmission power 
control information for the downlink dedicated channel; and 

an information rate controlling unit for controlling the information rate through the downlink shared 
channel addressed to the mobile stations corresponding to the downlink dedicated channel according to the 
accumulated value of the transmission power control information for the downlink dedicated channel. 



12. The radio network controller according to claim 11, wherein the transmission power control information 
accumulating unit obtains the accumulated value in a predetermined period; and 

the information rate controlling unit controls the information rate according to the accumulated value in 
15 the predetermined period. 

13. The radio network controller according to claim 11, wherein the transmission power control information 
accumulating unit accumulates first values which are positive values when the transmission power control 
information for the downlink dedicated channel designates increasing the transmission power of the downlink 
dedicated channel; and 

20 the transmission power control information accumulating unit accumulates second values which are negative 

values when the transmission power control information for the downlink dedicated channel designates decreasing 
the transmission power of the downlink dedicated channel. 

14. The radio network controller according to claim 11, comprising an equivalence table for relating the 
accumulated value with the information rate; and 

25 wherein the information rate controlling unit retrieves the equivalence table according to the accumulated 

value of the transmission power control information for the downlink dedicated channel; and 

the information rate controlling unit sets an information rate corresponding to the accumulated value. 

15. The radio network controller according to claim 11, wherein the information rate controlling unit decreases the 
information rate when the accumulated value of the transmission power control information for the downlink 
dedicated channel is a positive value; and 

the information rate controlling unit increases the information rate when the accumulated value of the 
transmission power control information for the downlink dedicated channel is a negative value. 
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FIG. 4 
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